Here, we analyze the three-dimensional geometry of the Vistrenque graben and the N•mes fault, pointing out the alongstrike variation of the fault geometry from listric to planar and the resulting contrasting basin geometries.
Relationships between hangingwall and fault geometries have lead to different techniques to reconstruct the fault shape from the hangingwall shape as aids to field and seismic interpretations. These techniques consider an undeformable footwall and different modes of deformation for the hangingwall (see review and discussion by Dula [ 1991] ). Fault reconstruction techniques use a horizontal prerift surface (datum) and the geometry of the hangingwall (top of the prerifi) to reconstruct the fault shape at depth or vice versa. However, in the case of intracontinental basins, possible inherited prerifi elevation (irregular topography) and erosion of both footwall and hangingwall must be taken into account in analyzing the final geometry of the fault system. Besides, prerift elevation may be responsible for erosion instead of deposition during part of the activity of faults. In this case, At the scale of the Gulf of Lion margin, constraint on Vistrenque graben and N•mes fault geometry gives valuable basis to discuss the role of a major crustal ramp in the structure of a passive margin. The Vistrenque graben location allows to discuss the kinematic relationships between basement fault and cover d6collement domains, and the genetic relationships between the low-angle crustal ramps of the margin and previous crustal thickening.
Geological Framework
The Gulf of Lion passive margin corresponds to the NW margin of the Proven9al basin (Figure l a) foraminifera zones of Blow (about 34 to 32 Ma, Crochet [1984] ). This suggests a diachronous onset of the rifting, older in the north and younger southward, that is toward the front of the Pyrenean range.
Stratigraphy in the Vistrenque Graben
The general stratigraphy of the Vistrenque graben and adjacent areas is established from 48 petroleum research boreholes, 25 of which have reached the pre-Oligocene succession that forms the basin substratum (Figure 3) . The most complete and best known basin fill sequence has been drilled in the Pierrefeu well (P in Figure 3 bottom syncline, and the basin fill displays an horizontal parallel pattern. When the offset along the major fault is large enough to allow. the basin substratum hangingwall cut off to reach the low-angle segment of the fault, shearing of the hangingwall faulted blocks induces a basinward tilting of the basin substratum resulting in a pseudo-rollover geometry.
In the Marette and Marsillargues compartments, the transition between the steep and low-angle parts of the N•mes fault is not imaged by seismic lines (SG4 and SG5 in Plate 1), but the hangingwall rollover and divergent basin fill indicates a listric geometry for the fault which passes from 70 ø SE upsection to 250-30 ø SE at depth (Figure 6b and c) . 
Reconstruction of the Prerift (Pre-Oligocene) Topography
Classical fault reconstruction techniques are commonly used to calculate the fault geometry from the hangingwall geometry. This implies the definition of a prerift level datum, usually assumed to be a horizontal line at the elevation of the top footwall cutoff. In the case of intramontane basins, it is obvious that the prerift surface was not horizontal because of important initial morphology. In this case, reconstruction techniques can be used in an inverse way for the reconstruction of the prerift topography if both the fault and hangingwall geometries are well constrained.
We have applied this approach to the Vistrenque graben in order to evaluate a possible prerift topography inherited from the Pyrenean orogeny (Figure 9 ). The recent reprocessing and depth conversion of lines SG4 and SG9 (by the IFP, 1994) defined precisely the N•mes fault and hangingwall geometries (Figure 8a ). The extension restored is 9500 m corresponding to the maximum horizontal extension as explained before. In a first step, the Petit Rh6ne graben was restored using the simple shear ((• = 60 ø ) technique. According to this reconstruction, the Petit Rh6ne fault is listtic and flattens at about 4800 m (marly Lias). In a second step, we have reconstructed the prerift topography using three different techniques, the constant bed length [Davison, 1986] Both the constant bed length and constant heave techniques result in a depression in the axis of the basin and relief (1500 m and 1200 m, respectively) above the rollover. The simple shear technique generates only 1500 m of topography above the rollover which progressively joins the footwall surface. It is significant that in the three cases (1) a positive relief is generated in the SE part of the section, and (2) the relative amplitude of the relief between the lowest and highest points is about 1200-1500 m independent of the surface geometry. Although these estimates possibly include errors due to the lack of isostatic compensation, they provide a valuable indication of the location and order of magnitude of the prerift relief. We interpret this topography as the front of the eastern continuation of the Pyrenean belt (Figures lb and 10) .
The restoration presented in Figure 9 is made assuming no postrift movement on the Nimes fault. Introducing a postrift movement would result in a front of prerift relief closer to the surface trace of the Nimes fault, without changing the magnitude of the relief.
The front of the Pyrenean prerift relief has also been inferred from the restoration of the southeastern part of the cross section c ( Since the Mesozoic faults were probably steeply dipping basement faults, as discussed above for the Nimes fault, we conclude that the extensional low-angle crustal ramps were most probably newly formed at the onset of the OligoceneAquitanian rifting; the new formation has probably been favored by crustal weakening associated with the previous Pyrenean thickening.
However, the Vistrenque area that forms a triangular zone between the N•mes fault, the Ar16sienne transfer zone and the Pyrenean frontal thrust, stands as an exception in this structural framework (Figure 11 ). Although the graben was formed by an extensional basement ramp, it stands outside the area of previous Pyrenean thickening and relief (Figure 9 ). This suggests that development of the extensional system beyond the thickened area was more stable than reactivation of the frontal thrust in an extensional regime. The extensional system developed 10 to 20 km northwestward until it reached preexisting major discontinuities in the basement; namely, the steeply dipping precursor Nimes fault and the Ar16sienne transfer zone.
Discussion
The Vistrenque graben, the deepest depocenter of the Gulf of Lion passive margin, is located (1) at the boundary between The model implies that (1) the NW limit of the basementfaulted domain (Nimes crustal ramp) of the margin remained fixed during the whole rifting period, and (2) this limit formed the landward boundary of the deformation domain during most of the time. Cover d6collement corresponded to short events when a small amount of extension was transmitted to more external areas. This may have been induced by gravitational instability on the basement slope, possibly associated with changes of regional tilting during margin development (isostatic or thermal adjusttnents).
Why is the Vistrenque Graben the Deepest Synrift Depocenter of the Margin?
The regional section (Figure 2) shows that the Vistrenque graben is the major synrift basin of the margin along this transect. Southeast of the Vistrenque graben, the major extensional detachments identified in seismic lines under the continental shelf have not generated large grabens on their hangingwall, whereas the highly stretched areas underlying the continental slope support only thin and discontinuous synrift sedimentation [de Voogd et al., 1991] . This is due to the prerift high surface elevation inherited from the Pyrenean orogeny. If continental basins were formed on the collapsing mountain belt, they were rapidly cannibalized. There is thus little stratigraphic record of the early stages of rifting in the areas of prerift relief [Sdranne et al., 1995] . This may explain the discrepancy between the amount of extension estimated from crustal thickness and that estimated from basin geometry [Burrus, 1987; Steckler and Watts, 1980] . On the other end of the section, in the zone of the north Montpellier basins, sediment thickness was limited by the small amount of extension (1.5 km) and shallow depth of the d6collement.
In contrast, the Vistrenque graben is (1) controlled by a major crustal ramp active during the whole rifting history (9 to 9.5 km of extension), and (2) located in the zone where initial surface elevation progressively sloped down to sea level at the front of the Pyrenean belt (Figure 9) , which allowed the accumulation of a complete and exceptionally thick synrift 
Conclusions
Detailed structural interpretation of the subsurface data in the Vistrenque graben demonstrates that the Nimes fault, considered previously as a steeply dipping basement fault, was at depth a low-angle basement ramp during the OligoceneAquitanian rifting. This case study of low-angle crustal fault associated with the formation of extensional sedimentary basin adds to the on-going discussion of the activity of normal faults with a shallower dip than predicted by mechanics. The present study emphasizes the role of lateral changes of fault shape in controlling the variations of hangingwall geometry: a listric geometry of the fault in the southern part of the graben generated a rollover and divergent Oligocene-Aquitanian basin fill, while a two-segments planar geometry of the fault in the northern part resulted in the development of a pseudo-rollover and compensation graben. Areas with different structural style are separated by transfer zones superimposed onto preexisting faults inherited from Mesozoic extension and Pyrenean compression. The origin of along-strike varying geometry of the low-angle Nimes fault is difficult to establish. It probably reflects along-strike varying structural patterns across the steeply dipping precursor of the Nimes fault.
In the studied transect, synrift extensional deformation of the margin was achieved by several large basement ramps, the Nimes fault being the landwardmost one. Small amounts of extension were transmitted landward during short intervals of time to cover d6collement probably resulting from gravitational instability during margin collapse.
Kinematic modelling shows that the preexisting (Mesozoic) steeply dipping Nimes fault controlled (1) the location of the ramp linking the landward cover d6collement and the low-angle crustal ramp, and (2) the emergence of the Oligocene-Aquitanian fault; but its upper part was not active during rifting because it was involved (displaced and deformed) in the hangingwall of the cover d6collement. The lower basement part of the steeply dipping precursor was reactivated during the postrift period, reutilizing the upper part of the emergent Nimes fault, allowing deposition of thick subhorizontal units above the tilted synrift units.
The low-angle crustal ramp of the Nimes fault, as well as the other ramps of the margin of similar orientation, are interpreted as newly formed structures whose formation was allowed by crustal weakening resulting from the previous Pyrenean thickening, rather than reactivated Pyrenean thrusts. Upper crustal extension corresponding to the graben formation was not locally compensated, but transmitted basinward to the zone of continental breakup by an intracrustal detachment, or/and distributed in the lower crust across the margin.
Within the margin, the Vistrenque graben is a distinctive feature due to the Mesozoic extension and Pyrenean orogeny structural heritage. The SE deepening of the basement across the precursor Nimes fault controlled the emergence of the newly formed extensional ramp; the crustal thickening and surface elevation in the Gulf of Lion made the Vistrenque graben, located outside the orogenic front, the only one whose sedimentary fill records the whole rifting episode, resulting in the deepest depocenter of the margin.
